• We treated pregnant and/or lactating rat dams with a goat milk fat diet (GMF).
Introduction
Linolenic acid and linoleic acid are essential fatty acids that cannot be synthesized by the mammalian organism, and therefore have to be obtained from the diet. They can prevent the development of Abbreviations: CLA, conjugated linoleic acid; EPM, elevated plus maze; GMF, goat milk fat; C, control; G, gestation; L, lactation; G + L, gestation + lactation.
* dysfunctions of the central nervous system and growth retardation [8] . During the last phase of fetal life and the suckling period, the brain undergoes a rapid growth [16] . During this phase, essential nutrients such as the essential fatty acids are considered as very important [24] . In the intrauterine life, the placenta is responsible for supplying the lipids to the fetus, and in the lactation period maternal milk is necessary for supplying the demand of these nutrients to the newborns [13] . Milk fat is the source of complex lipids, which are present in milk-derived bioactive products and may exert long-term effects on neural development and function [33] . Goat milk plays an important role in human nutrition [27] . It contains the conjugated linoleic acid (CLA), which comprise a mixture of geometric and positional isomers with double bonds varying at the carbon chain of the linoleic acid molecule [19] . CLAs are formed by biohydrogenation in the rumen of ruminants by the action of rumen bacteria [19] . The goat milk is a good source of CLA. It is an alternative for infants and adults sensitive or allergic to cow milk [5, 31] . Some reports established that CLA can have positive effects on the cardiovascular system [20] and on growth in rats [6] . CLA also may cross the blood-brain barrier [9] , having anti-angiogenic action [15] . Dietary lipids also appear to influence the susceptibility to depression and anxiety [10] . The elevated plus maze (EPM) is considered a valid model to evaluate anxiety in animals, allowing the investigation of behavioral and neuropharmacological parameters [21, 23] . Several factors such as gender and age [14] , and nutritional status, including lipids [17] may influence the anxiety-like behavioral responses in the EPM.
Despite a growing literature describing therapeutic effects of CLA in disorders of peripheral organic systems, little is known about the neurobehavioral effects of this fatty acid, either ingested as such, or added to the food.
The hypothesis tested in this study is that a CLA-rich maternal diet, containing goat milk fat (GMF) as the only lipid source, when consumed during pregnancy and/or lactation positively influences physical maturation and the behavioral development of the pups. Thus, this study aims to investigate the impact of a CLA-rich maternal diet on reflex maturation, physical parameters and anxiety-like behavioral EPM responses in their offspring.
Materials and methods
Female Wistar rats aging 120-150 days and weighing 250 ± 50 g were obtained from our institutional vivarium and mated to obtain the progenies employed in this study. The animals were kept in standard conditions of temperature (22 ± 1 • C), 12-12 h light-dark cycle (light phase beginning at 6 a.m.), and relative humidity of 65%, with free access to food and water. Each litter was formed by four male-and two female pups. For the analyses performed in this work, only the male pups were used. The experimental procedures were approved by the Ethics Committee for Animal Research of our University, which complies with the recommendations from the National Institute of Health (Bethesda, USA).
The control (C)-and the goat milk fat (GMF)-diets were formulated based on recommendations of the American Institute of Nutrition (AIN-93G) [22] . To obtain the goat milk, we followed the general procedures described by Stanciuc et al. [30] . The animals were milked in the morning. Milk was stored at 4 • C in sterilized bottles until being centrifuged at 15,000 × g for 5 min to obtain the GMF, which was stored under refrigeration and used for manufacturing the diet by the company Rhoster (São Paulo/Brazil). The GMF was added in the proportion of 7 g per 100 g of diet. Both diets contained 20% proteins, 63% carbohydrates, 7% fat, 3.5% salt mixture, 1% vitamin mixture and 0.2% choline. The fat of the C diet was soybean oil. The physicochemical analysis of the diets confirmed the proportions of the ingredients, including GMF, which indicates that no other "contaminating" components were extracted together with GMF. Therefore, both diets differed in lipid quality, but not in quantity. The experimental diet contained 1.2% of CLA, whereas in the standard diet no CLA was detected (Table 1 ). In our previous study [29] we detected the presence of two isomers of CLA, namely c9t11 and t10c12 in the brains of the GMF diet-fed groups, but not in the control rats.
The pups from the GMF-treated dams were divided in three groups, depending on the period of the maternal GMF consumption: gestation, lactation and gestation plus lactation (respectively groups G, L and G + L). They were compared to the control group (C), suckled by dams receiving the control diet. The maternal body weights were determined on the gestation days 1, 7, 14 and 21. During the lactation period, the maternal weights were measured 24 h after delivery and subsequently at 7, 14 and 21 days. The newborns were weighed daily, after examining for reflex and somatic maturation (see below).
After weaning, the dams were weighed and anesthetized using ketamine hydrochloride and xylazine hydrochloride (1 ml/kg) for analysis of the following physical parameters: Body mass index (weight (g)/length 2 (cm 2 )), thoracic-and abdominal circumferences (cm) and the ratio between abdominal and thoracic circumferences, as described by Novelli et al. [18] . At the end of these measurements, the dams were sacrificed by an overdose of anesthetic and their livers and abdominal fat were removed and weighed.
The consolidation of reflex responses was investigated daily (between 11 a.m. and 1 p.m.) as described elsewhere [28] . The day of consolidation was considered as the first of a series of three consecutive days in which the expected response appeared fully developed. The following reflex responses were studied: disappearance of Palmar Grasp; appearance of Righting, Vibrissa Placing, Cliff Avoidance, Negative Geotaxis, Free-fall Righting and Auditory Startle Response. For each response, the maximum observation time was set on 10 s.
The following indicators of somatic maturation were daily examined: ear unfolding, fur appearance, eruption of the inferior and superior incisor teeth, eye opening and tail length.
The EPM apparatus consisted of two open arms (50 cm × 10 cm) opposite to one another and crossed at right angles by two closed arms (50 cm × 10 cm × 40 cm), with a central square of 10 cm × 10 cm. The apparatus was elevated to the height of 50 cm as described by Pellow et al. [21] . It was located in a sound-attenuated room, which was illuminated by two 60 W red lamps installed on the roof of the room to a height of 2.5 m above the maze. At the beginning of the test session, the 35 day old animal was placed in the central square of the EPM with the head oriented to one of the closed arms. The following behavioral categories were analyzed: total time spent in the open arms; total time spent in the closed arms; total time spent in the central square; number of head dipping (when the rat looked under the open arms of the apparatus). After testing one animal, the maze was cleaned with a 10% alcohol solution and wiped dry, before the next animal was tested. Animals that fell from the EPM were returned to their home cage and excluded from subsequent analyses. The animals' behavioral reactions were recorded using a camcorder connected to a computer during the 5-min session. Recorded responses were computer-analyzed offline with the freely available X-Plot-Rat program. Intergroup differences for somatic and reflex maturation were analyzed with one way Kruskal-Wallis test, followed by Dunn test. For the rest of the data we used One Way ANOVA followed by the Holm-Sidak test. Differences were considered significant when P < 0.05.
Results
All dams gained weight during pregnancy, and loosed weight during lactation in a similar manner, so that no intergroup weight difference was observed. The body weights (mean ± SD) of C, G, L and G + L pregnant dams were respectively (in g
In the lactation period, the body weights (mean ± SD in g) of C, G, L and G + L lactating dams were respectively: 285.
The other maternal parameters (body length, abdominal circumference, thoracic circumference, body mass index, liver weight and total abdominal fat) were also similar in all groups.
On day 1 of life, the pups had similar body weights in all groups (C: 6.3 ± 0.6 g; G: 6.7 ± 0.7 g; L: 6.7 ± 0.8 g; G + L: 7.2 ± 0.9 g), on day 18, the group G + L (45.0 ± 9.1 g) presented higher body weights as compared to the control group (38.4 ± 7.2 g; P < 0.05). At day 21, G + L-(52.6 ± 8.3 g) and L-rats (51.3 ± 5.7 g) had also higher body weight as compared to the controls (45.1 ± 10.3 g; P < 0.05). The pup's tail length was increased on day 18 in group G + L, and on day 21 in groups G + L and L, compared with group C (P < 0.05; Fig. 1 ). The mean values for the C, G, L and G + L groups were respectively (in cm) 5.7 ± 0.1, 5.8 ± 0.1, 6.1 ± 0.2 and 6.6 ± 0.2 on day 18; 6.3 ± 0.1, 6.7 ± 0.1, 7.0 ± 0.3 and 7.7 ± 0.2 on day 21. Data on body weight and tail length are illustrated respectively in panels A and B of Fig. 1 .
Changes in reflex maturation were observed in the L group as compared to the other groups. The L group showed a delay in the consolidation of cliff avoidance response (median: day 9) when compared to the control group (median: day 5; P < 0.05). In contrast, the L group displayed an acceleration in the appearance of the free-fall righting (median: day 14.5), compared to the control group (median: day 18; P < 0.05). The other reflex responses (palmar grasp, righting, vibrissa placing, and negative geotaxis) were similar in both GMF-and control diet groups.
The GMF diet induced acceleration in fur appearance in G + L group (median: day 11) when compared with the control (median: day 12; P < 0.05). Data on reflex-and somatic maturation are shown in Table 2 .
As demonstrated in panel C of Fig. 1, 35 days old pups from dams of the G group showed significant increase for the time spent in the open arms (131.2 ± 8.2 s) and decrease for the time spent in the central area of the elevated plus maze (43.2 ± 2.3 s), as compared with the control group (respectively 112.8 ± 10.1 s and 50.5 ± 3.1 s; P < 0.05). The number of head-dipping in the G group (13.8 ± 1.2) was also higher than in the control group (7.6 ± 0.9; P < 0.05; data not shown in Fig. 1 ).
Discussion
This study enabled us to assess, in the rat progeny, the developmental effects of a GMF-diet administered to the dams during gestation and/or lactation. Data show significant effects on physical growth (with acceleration in reflex and somatic parameters occurring mainly in the groups treated with GMF in the postnatal period), and on anxiety-like behavior (with an anxiolytic effect being observed in the G group). The brain development span corresponds in the rat to the perinatal period. In this phase, the essential fatty acids of the n-3 and n-6 families constitute a lipid substrate that is absolutely required for adequate formation of the nerve cell membranes. Because these fatty acids cannot be synthesized in mammals [24] , they must be provided in the diet. In this context, it is pertinent to mention that the mother's lipids can reach the pup's brain primarily through the placenta and later through breast milk [13] . In fact, we have previously demonstrated the presence of two CLA isomers in the brain of pups from dams that received the GMFdiet, but not in the control pups [29] . An imbalance of the n-6:n-3 ratio in the brain of the pups from GMF-treated dams constitutes an interesting possibility that could explain the effect of the CLArich maternal diet in altering physical growth and anxiety behavior in the offspring, as recently discussed in rats under conditions of essential fatty acid deficiency over two generations [3] .
Our GMF experimental diet contains deficient levels of both n-3 and n-6 fatty acids, as compared with the control diet. Actually, GMF diet is proportionately more deficient in n-6 than in n-3 fatty acids, resulting in a 50% decrease of the n-6:n-3 ratio (from 22.52 in the control diet to 11.38 in the GMF-diet). Of note, maternal diets with different n-6:n-3 ratios have been associated with temporal changes of reflex ontogeny and of physical growth in the rat progeny [12, 25] . These results collectively demonstrate the vulnerability of the developing nervous system to inadequacies in the dietary lipids during the early life.
The free fall righting reflex involves a sequence of movements devoted to correct the body posture. Vestibulospinal, visual and somesthetic afferents, are directly related with posture correction [4] , which can be observed only when the central nervous system matures in the postnatal period. In this phase the cerebellum reaches its peak of development. The ability of generating such reflex responses results from a number of developmental events 9 (7-10) 8 (7-11) 9 (9-11) 9 (7-9) Eruption of inferior incisors 11.5 (7-13) 11 (9-13) 11.5 (10-13) 11 (9) (10) (11) (12) a Day of disappearance of the response. b Day of appearance of the response. * P < 0.05 versus Control; the data are shown as median (minimum and maximum) values. Four groups were formed: C: control (n = 13); G (n = 14), L (n = 15) and G + L (n = 16) are pups from dams that received the GMF diet during gestation, lactation and gestation plus lactation, respectively.
including: neuronal and glial proliferation, establishment of synaptic contacts, as well as myelination [2] . Dietary lipids are directly related with myelination [24] , and under favorable or unfavorable conditions might respectively accelerate or decelerate myelin synthesis resulting in the precocious or delayed appearance of some reflex responses, as observed in the present study. Previous results [12] , contrasting with some of the present findings, could be explained by the different lipids used in the respective diets (sunflower in the previous study [12] and CLA-contained lipids from goat milk in the present study).
Anxiety disorders are currently the most prevalent of the various psychiatric disorders in the general population. When anxiety becomes pathological, it can interfere in learning by impairing attention and memory [11, 26] . In the present work we used the EPM as a model of anxiety [21] and data have shown that GMF treatment during the gestation period was associated with spending more time in the open (aversive) arms of the EPM and less time in the center part of the maze, and increasing head dipping. These findings may characterize an exploratory and anxiolytic effect. Recently, it has been reported that n-3 dietary deficiency is associated to increased anxiety-like behavior in the plus-maze test [7] . Taken together, these dichotomous anxiety effects suggest the involvement of n-3 fatty acids. Interestingly, Wright and co-workers [34] also observed a reduction in anxiety behavior in rats fed a hyper caloric diet. Such behavioral effects are generally associated with the corresponding modifications in the corticosterone, and may reflect physiological adaptation of the hypothalamus-pituitary-adrenal axis [7] . It is interesting to mention, however, that rats rendered malnourished by a proteindeficient diet also displays less anxiety in the EPM test, when compared with well-nourished controls [1] . Whether the anxiolytic effects of the two dietary treatments (protein-deficiency and GMF supplementation) share common mechanisms, remains to be further clarified.
The average weight gain during pregnancy, observed in all groups of dams, is due to hyperphagia and endocrine changes, which are common during gestation and have as consequence fat accumulation. Also, the maternal body weight loss, observed in all groups during the lactation period, is due to the caloric expenditure assigned to the task of breastfeeding the offspring [13] . Therefore, we conclude that no GMF-associated changes occurred in maternal physical parameters. This reinforces the idea that the changes in physical growth and anxiety behavior in the offspring were caused by a GMF direct action on the pups' nervous system, and not an effect secondary to the dams' nutritional deficiency. The GMF diet accelerated pups' tail length and body weight gain, which is in line with previous reports on rats treated with GMF [29] , or with fat from several sources [32] . Therefore, the GMF diet consumed by the dams in different periods can induce metabolic changes in the developing organism of the pups. The underlying mechanisms involved in body weight gain by GMF-diet are unknown. Factors like CLA-induced reduction in catabolic responses have been postulated as being involved [6] . This prompts us to speculate about a causal relationship between maternal CLA consumption (via the GMF diet) and physical growth and anxiety behavior in the offspring. It is important to remark that the effects presently observed were all positive, both in the central nervous system (reduction in anxiety behavior), and in body development (improvement in physical growth). Therefore, the dietary treatment with GMF does not appear to have any deleterious effect on the developing rat.
In conclusion, our data documented growth-and behavioral effects in developing rats as a consequence of treating their dams with the GMF diet, which is rich in CLA. The CLA positive effects on physical growth (increase in body weight and in tail length), and on the anxiety behavior (less anxiety), in comparison with the control group, certainly will stimulate further investigation aiming the CLA use to benefit human health.
